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Common economic aquatic products are important contributors to the human food supply. However,
with the rapid globalization of the aquatic products industry, aquatic products market has become
increasingly disordered. Therefore, an accurate and convenient method for identifying common eco-
nomic aquatic products is important and necessary in many areas. DNA barcoding, which constitutes the
analysis of a short fragment of the mitochondrial cytochrome c oxidase subunit I (COI) sequence, has
been widely used in species identiﬁcation. To discriminate common economic aquatic species using DNA
barcoding, we collected 534 COI barcode sequences of 66 common species consisting of 39 ﬁsh, 9
crustaceans and 18 mollusks. The intraspeciﬁc genetic distances based on the Kimura 2-parameter (K2P)
model were less than 1.37% for ﬁsh, 7.32% for crustaceans and 3.40% for mollusks, whereas the intragenus
distances ranged from 3.91% to 13.82% for ﬁsh, 14.99%e16.17% for crustaceans and 14.82%e16.36% for
mollusks. The average intraspeciﬁc K2P distance was also compared with the average intragenus dis-
tance. The taxonomic resolution ratio values obtained for ﬁsh, crustaceans and mollusks were 58.50,
21.59 and 27.63 respectively, which are higher than the threshold of (10). A neighbor-joining (NJ) tree
based on the K2P distance, and a maximum likelihood (ML) tree, based on the GTR þ I þ G model, were
constructed, and all of the species could be identiﬁed unambiguously in the trees with several branches
exhibiting high bootstrap values. Our results demonstrated high efﬁciency of DNA barcoding as an
efﬁcient molecular tool for the identiﬁcation of common economic aquatic products, and 8 substitute
species were successfully detected in 66 species. Our analyses also indicated that the common aquatic
products trade industry could be effectively monitored and managed by DNA barcoding. Therefore, a
simple identiﬁcation database of common economic aquatic products was constructed.
© 2015 Published by Elsevier Ltd.1. Introduction
Along with globalization of the aquatic products industry, con-
sumption of aquatic products is currently increasing daily, and the
species and products forms are being increasingly diversiﬁed.
Aquatic products have become important contributors to the hu-
man food supply due to their special nutritional value.
However, driven by economic beneﬁts, the aquatic products
market has become increasingly disordered due to the appearance
of substitutions which results in fraudulent product mislabeling
(Changizi, Farahmand, Soltani, Asareh, & Ghiasvand, 2013). Thesubstitution of economic aquatic products also results in health
hazards, economic fraud and illegal trade of protected species. And
it has become an extremely serious problem in the economic
aquatic products industry and is spreading world widely (Galal-
Khallaf, Ardura, Mohammed-Geba, Borrell, & Garcia-Vazquez,
2014). For example, substitutions have been detected in the mar-
kets of North America (Wong & Hanner, 2008), New Zealand
(Smith, McVeagh, & Steinke, 2008) South Africa (Cawthorn,
Steinman, & Witthuhn, 2012), and Egypt (Galal-Khallaf et al.
2014). Hence, the detection of substituted species, as well as
increasing the public awareness of the nutrition level and shifting
consumer attitudes toward products, has become an important
topic in the aquatic products industry. Thus, rapid, reliable, and
reproducible tests that can be used to verify the species in common
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Morrissey, 2009; Steinke, Zemlak, & Hebert, 2009). In addition,
species identiﬁcation is useful for ensuring honest trade exchanges,
speciﬁcally for market management organizations to provide cor-
rect consumer information and to effectively supervise the aquatic
products market trade.
The traditional morphological identiﬁcation method is not al-
ways suitable in many areas. The rapid development in molecular
biology has supported themolecular study of species identiﬁcation,
and this is particularly true with DNA-based identiﬁcation
methods, which allow the rapid and deﬁnitive authentication of
aquatic products that whole animal or lack morphological charac-
teristics (e.g., ﬁllets and cooked food) (Carvalho, Palhares,
Drummond, & Frigo, 2015). Moreover, a large number of aquatic
species at distinct life stages (eggs, fry, and adults) can also be
examined, and the number of specialists in alpha taxonomy is
insufﬁcient for inconvenient and complex morphological identiﬁ-
cation (Carvalho, Neto, Brasil, & Oliveira, 2011, 2015). Most DNA-
based identiﬁcation methods are based on ampliﬁcation and
sequencing of a speciﬁc gene region that is conserved and has
modest variability. Nearly 40 years ago, the single-gene sequence
analysis of ribosomal DNA was used to investigate evolutionary
relationships at a high level (Woese & Fox, 1977). Mitochondrial
DNA (mtDNA) sequences can be used to differentiate species
because mtDNA is maternally inherited and thus any hybrid or
subsequent generation would only have the maternal DNA.
Therefore, mtDNA studies dominated molecular systematics in the
late 1970s and 1980s (Avise, 1994).
(Hebert, Cywinska, Ball, & DeWaard, 2003) proposed the use of
the mtDNA gene cytochrome oxidase subunit I (COI), a barcode that
can be used for species delineation by a particular sequence or by a
tight cluster of very similar sequences, as a global identiﬁcation
system for animals. Many DNA barcoding researches has demon-
strated that COI contains sufﬁcient variation to accurately identify a
large variety of animals, including both freshwater (Hubert et al.
2008) and marine aquatic organisms ( Rock et al. 2008; Spies,
Gaichas, Stevenson, Orr, & Canino, 2006;Ward, Holmes, White, &
Last, 2008; Ward, Zemlak, Innes, Last, & Hebert, 2005), to the
species level (Waugh, 2007). Especially, COI gene barcoding has
provided numerous successful examples demonstrating its reli-
ability for the identiﬁcation of ﬁsh, such as tuna (Lowenstein et al.
2010; Terol, Mascarell, Fernandez-Pedrosa, & Perez-Alonso, 2002),
ﬂatﬁsh (Espineira, Gonzalez-Lavin, Vieites, & Santaclara, 2008;
Terol et al. 2002), anchovy (Jerome et al. 2008), and catﬁsh (Wong
et al. 2011), as well as other economic aquatic species (Ardura,
Linde, Moreira, & Garcia-Vazquez, 2010; Galal-Khallaf et al. 2014).
At present, the barcoding of common economic aquatic products
has become increasingly important in the supervision of the mar-
ket trade (Carvalho et al. 2011). For example, (Changizi et al. 2013)
successfully revealed the mislabeling of important ﬁsh in Iran, and
(Barbuto et al. 2010) also revealed fraudulent substitutions in shark
seafood products. In addition, the United States Food and Drug
Administration (FDA) tested a DNA barcoding methodology to
forensically identify aquatic products (Handy et al. 2011; Yancy
et al. 2008).Table 1
Information regarding the PCR primers used in this study.
Type Primers sequence
Fish FishF1 (50-TCAACCAACCACAAA
FishR1 (50-TAGACTTCTGGGTGG
Crustacean/Mollusk LCO1490 (50-GGTCAACAAATCA
HCO2198 (50-TAAACTTCAGGGT
CrustDF1 (50-GGTCWACAAAYC
CrustDR1 (50-TAAACYTCAGGRTThe purpose of the present study is to utilize DNA barcoding to
effectively discriminate common economic aquatic species through
an analysis the COI region diversity within 66 species, most of
which were included in multiple samples. Furthermore, this study
aimed to construct a common economic aquatic species barcode
database that would allow the effective supervision of the trade of
economic aquatic products.
2. Materials and methods
2.1. Sample collection and identiﬁcation
In total, 534 whole animal samples representing 86 crustacean
specimens, 123 mollusk specimens and 325 ﬁsh specimens were
collected from the Huanan market, Maidelong supermarket and
several vegetable markets of Wuhan, Hubei in 2013 (Table S1). One
to ﬁfteen individuals of each species were obtained, and the ﬁn
clips or muscular tissue samples were preserved in 100% ethanol
immediately for DNA extraction. All of the samples were then
stored in a 10% formaldehyde solution, and voucher specimens
were deposited in the Museum of the Institute of Hydrobiology,
Chinese Academy of Sciences. Species-level morphological identi-
ﬁcation was performed based on the original morphological de-
scriptions, locality data and additional information from the Fauna
Sinica (Chen, 1998) and FishBase databases (Froese, 2014).
2.2. Species composition
Ultimately, 66 species were conﬁrmed. 9 species represented 8
genera, 6 families and 2 orders of crustacean.18 species belonged to
16 genera, 12 families and 10 orders of mollusk. 39 species were
from35 genera, 28 families and 13 orders of ﬁsh. Identiﬁcation of all
sample sequences was conducted through a BLAST to search of the
NCBI (National Center for Biotechnology Information) and BOLD
databases (Ratnasingham & Hebert, 2007).
2.3. DNA extraction, PCR ampliﬁcation and sequencing
The total DNA from the ﬁn clip or muscle samples was extracted.
Approximately 20 mg of the starting material was transferred to a
2.0-mL centrifuge tube containing 500 mL of digestion buffer which
was consisted of 15 g EDTA, 6 g Tris base and 2.5 g SDS in 500 ml
sterilized ultrapure water and 20 mL of Proteinase K (100 mg/mL).
The DNA was isolated by standard salt extraction (Reisfeld,
Pellegri.Ma, & Kahan, 1971). The DNA quality was veriﬁed by 1.0%
agarose gel electrophoresis.
A partial fragment from the 50 end of themitochondrial COI gene
was ampliﬁed using the primers described in Table 1 (Folmer, Black,
Hoeh, Lutz, & Vrijenhoek, 1994; Radulovici, Sainte-Marie, &
Dufresne, 2009; Ward et al. 2005). The 30-mL polymerase chain
reaction (PCR) mixture contained 21.125 mL of sterilized ultrapure
water, 3.0 mL of 10 PCR buffer (including MgCl2), 1.5 mL of each
primer (10mM),1.5 mL of dNTPs (2.5mM each), 0.375 mL of Taq DNA
polymerase (2.5 U/mL, TaKaRa Bio, Shanghai, China) and 1.0 mL of
the DNA template (50e100 ng/mL). The PCR ampliﬁcationReferences
GACATTGGCAC-30)
CCAAAGAATCA-30)
(Ward et al., 2005)
TAAAGATATTGG-30)
GACCAAAAAATCA-30)
ATAAAGAYATTGG-30)
GACCRAARAAYCA-30)
(Folmer et al., 1994)
(Radulovici et al., 2009)
Table 2
Comparison of the COI sequence similarity of the 66 examined species in the NCBI and BOLD databases and the scientiﬁc names based on biological characteristics. Species with
bold font have low match values.
Taxa Scientiﬁc name NCBI BOLD Number of samples
Max score ID (%) Species name Similarity (%) Species name
Fish Takifugu obscurus 1225 99 Takifugu obscurus 99.7 Takifugu obscurus 10
Ictalurus punctatus 1219 99 Ictalurus punctatus 100 Ictalurus punctatus 6
Channa maculata 1232 99 Channa maculata 100 Channa maculata 9
Mastacembelus aculeatus 737 87 Mastacembelus moorii 86.8 Macrognathus aral 14
Larimichthys crocea 1230 100 Larimichthys crocea 100 Larimichthys crocea 14
Paramisgurnus dabryanus 1230 99 Paramisgurnus dabryanus 99.8 Paramisgurnus dabryanus 9
Trichiurus lepturus 1230 100 Trichiurus lepturus 100 Trichiurus lepturus 5
Tinca tinca 1210 100 Tinca tinca 100 Tinca tinca 5
Cynoglossus itinus 765 93 Cynoglossus elongatus 93.1 Cynoglossus elongatus 9
Sillago sihama 1214 99 Sillago sihama 100 Sillago sihama 15
Siniperca chuatsi 1230 100 Siniperca chuatsi 100 Siniperca chuatsi 14
Chanodichthys erythropterus 1109 97 Chanodichthys erythropterus 99.8 Chanodichthys erythropterus 2
Lateolabrax maculatus 1205 100 Lateolabrax maculatus 100 Lateolabrax maculatus 5
Acanthopagrus latus 1230 100 Acanthopagrus latus 100 Acanthopagrus latus 9
Tachysurus fulvidraco 1225 99 Tachysurus fulvidraco 100 Tachysurus fulvidraco 15
Dasyatis bennetti 1236 100 Dasyatis bennetti 100 Dasyatis bennetti 5
Micropterus salmoides 1225 99 Micropterus salmoides 100 Micropterus salmoides 8
Trachinotus ovatus 1230 100 Trachinotus ovatus 100 Trachinotus ovatus 5
Nemipterus virgatus 1205 100 Nemipterus virgatus 100 Nemipterus virgatus 14
Scomberomorus commerson 1205 100 Scomberomorus commerson 100 Scomberomorus commerson 1
Scomberomorus niphonius 1234 100 Scomberomorus niphonius 100 Scomberomorus niphonius 14
Pampus punctatissimus 1236 100 Pampus punctatissimus 100 Pampus punctatissimus 9
Harpadon nehereus 1236 100 Harpadon nehereus 100 Harpadon nehereus 15
Sciaenops ocellatus 1208 100 Sciaenops ocellatus 100 Sciaenops ocellatus 4
Chanodichthys mongolicus 1219 99 Chanodichthys mongolicus 99.5 Chanodichthys mongolicus 14
Misgurnus anguillicaudatus 1197 99 Misgurnus anguillicaudatus 99.6 Misgurnus anguillicaudatus 5
Silurus asotus 1236 100 Silurus asotus 100 Silurus asotus 14
Culter alburnus 1230 99 Culter alburnus 99.8 Culter alburnus 11
Cololabis saira 1236 100 Cololabis saira 100 Cololabis saira 9
Tenualosa reevesii 1230 99 Tenualosa reevesii 100 Tenualosa reevesii 1
Megalobrama amblycephala 1225 99 Megalobrama amblycephala 99.7 Megalobrama amblycephala 10
Hyporhamphus intermedius 1190 99 Hyporhamphus intermedius 98.7 Hyporhamphus intermedius 12
Pampus argenteus 1229 99 Pampus argenteus 100 Pampus argenteus 2
Carassius auratus 1229 99 Carassius auratus 100 Carassius auratus 9
Platycephalus indicus 1205 100 Platycephalus indicus 100 Platycephalus indicus 5
Hypophthalmichthys nobilis 1230 99 Hypophthalmichthys nobilis 100 Hypophthalmichthys nobilis 1
Mugil cephalus 1201 100 Mugil cephalus 100 Mugil cephalus 2
Monopterus albus 1086 98 Monopterus albus 100 Monopterus albus 9
Psenopsis anomala 804 89 Psenopsis cyanea 100 Psenopsis anomala 5
Crustacean Litopenaeus vannamei 1240 100 Litopenaeus vannamei 100 Litopenaeus vannamei 9
Oratosquilla oratoria 1234 99 Oratosquilla oratoria 100 Oratosquilla oratoria 15
Jasus lalandii 894 97 Jasus lalandii 100 Jasus lalandii 3
Penaeus monodon 1240 100 Penaeus monodon 100 Penaeus monodon 11
Charybdis feriata 1234 99 Charybdis feriata 100 Charybdis feriata 3
Portunus trituberculatus 1229 99 Portunus trituberculatus 100 Portunus trituberculatus 16
Procambarus clarkii 1240 100 Procambarus clarkii 100 Procambarus clarkii 12
Portunus pelagicus 1206 99 Portunus pelagicus 100 Portunus pelagicus 5
Gaetice depressus 1240 100 Gaetice depressus 100 Gaetice depressus 12
Mollusk Crassostrea hongkongensis 1199 100 Crassostrea hongkongensis 98.5 Crassostrea hongkongensis 13
Corbula amurensis 1216 99 Corbula amurensis 100 Corbula amurensis 9
Haliotis discus hannai 1234 99 Haliotis discus hannai 100 Haliotis discus hannai 9
Mytilus galloprovincialis 1238 99 Mytilus galloprovincialis 96.3 Mytilus galloprovincialis 12
Ruditapes philippinarum 1266 100 Ruditapes philippinarum 100 Ruditapes philippinarum 8
Cyclina sinensis 1238 99 Cyclina sinensis 100 Cyclina sinensis 9
Mercenaria mercenaria 1238 99 Mercenaria mercenaria 100 Mercenaria mercenaria 5
Mya arenaria 1221 100 Mya arenaria 99.6 Mya arenaria 5
Meretrix lyrata 1243 100 Meretrix lyrata 100 Meretrix lyrata 12
Meretrix meretrix 1238 99 Meretrix meretrix 100 Meretrix meretrix 9
Atrina pectinata 1232 100 Atrina pectinata 97.9 Atrina pectinata 3
Babylonia lutosa 725 86 Babylonia lani 85.4 Babylonia formosae 3
Rapana venosa 1240 99 Rapana venosa 100 Rapana venosa 3
Sinonovacula constricta 1234 99 Sinonovacula constricta 100 Sinonovacula constricta 9
Tegillarca granosa 1234 99 Tegillarca granosa 100 Tegillarca granosa 2
Octopus vulgaris 1240 99 Octopus vulgaris 100 Octopus vulgaris 3
Uroteuthis duvauceli 1245 99 Uroteuthis duvauceli 100 Uroteuthis duvauceli 3
Octopus striolatus 1216 100 Octopus striolatus 100 Octopus striolatus 6
Total 66 534
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30 s, 53 C for 30 s and 72 C for 1min, and a ﬁnal extension at 72 C
for 10 min. The PCR products were visualized on a 1.2% agarose gel
and successful ampliﬁcations were isolated from the gels, puriﬁed
with a DNA Gel Extraction Kit (Tiangen, China), and sent to Beijing
Tianyi Huiyuan Bioscience & Technology, Inc. for sequencing on an
ABI3730 XL DNA System in both directions using the primers
described previously in Table 1.
2.4. Data analysis
The sequence chromatograms and alignments were checked
visually and veriﬁed using the DNASTAR Lasergene package
(DNASTAR, Inc. WI, USA). The results obtained from the analysis of
the COI sequence similarity for the 66 species in the NCBI and BOLD
databases is displayed in Table 1. Similar to (Wong&Hanner, 2008),
we used a general rule that deﬁned a top match with a sequence
similarity of at least 97% to indicate potential species identity, and
3% as a relatively loose criterion. In total, 534 COI sequences were
submitted to the BOLD and GenBank databases (Table S1).
The sequences of each species were compared and aligned using
MEGA 5.0 (Tamura et al. 2011), and all of the aligned sequences
were then translated into amino acids to conﬁrm the effectiveness
of the sequences and to detect the presence of nuclear DNA pseu-
dogenes, insertions, deletions or stop codons. The haplotypes were
determined using DnaSP5 (Librado & Rozas, 2009). Sequence
comparisons, pairwise genetic distance calculations and neighbor-
joining (NJ) tree analysis, which was based on the Kimura 2-
parameter (K2P) distance metric (Kimura, 1980) as it is the stan-
dard model for DNA barcoding data sets, enabling direct compari-
sons to results of other studies (Knebelsberger et al. 2014), were
implemented using MEGA 5.0 with the default parameters and
1000 bootstrap replicates. The average K2P distance values that
were obtained for the conspeciﬁc and congeneric divergences were
applied in the calculation of the taxonomic resolution ratio (TRR),
which is deﬁned as the quotient between the congeneric and
conspeciﬁc divergences (Costa et al. 2007).
Moreover, we also constructed a maximum likelihood (ML) tree
using PhyML3.0 (Guindon&Gascuel, 2003)with1000 replicates, and
the most appropriate GTR þ I þ G model was identiﬁed using Mod-
elTest 3.7 (Posada&Crandall,1998). In theNJ tree andML tree, species
branches with multiple haplotypes were merged into one branch
with 100% bootstrap values, and different orders are shown behind
the branches. Moreover, the bootstrap values below 50% are not
shown, and the number ofmulti-samples is shown by the form “n¼”.
A simple identiﬁcation database was constructed in MS Word.
All of the species were divided into economic ﬁsh, economic
crustaceans and economic mollusks. The trade name of each spe-
cies was linked to the original specimen images. Moreover, a BOLD
database linked to the data regarding classiﬁcation, specimen
numbers and identiﬁcation was designed. Thus, species identiﬁ-
cation was implemented in BOLD by analyzing the COI sequence
similarity between the input sequences and our sequences which
have been uploaded to BOLD database.Table 3
Summary of K2P distances within species and genus levels of the three types of aquatic pr
Type Level Min Dist(%) Mea
Fish Within Species 0.00 0.1
Within Genus 3.91 8.1
Crustacean Within Species 0.00 0.7
Within Genus 14.99 15.3
Mollusk Within Species 0.00 0.5
Within Genus 14.82 15.73. Results
A 669-bp fragment for 39 ﬁsh species, a 671-bp fragment for
9 crustacean species and a 693-bp fragment with alignment gaps
for 18 mollusk species were successfully ampliﬁed in this study.
Low-quality sequences (double peaks, short fragments, and
background noise) that possibly represented pseudogenes were
not detected. Ultimately, the aligned sequences indicated that all
of the ampliﬁed sequences were functional mitochondrial COI
sequences. Moreover, our morphological identiﬁcation result
also matched the BLASTN annotation of the NCBI and BOLD
database information with at least 97% similarity, although
Cynoglossus itinus (n ¼ 9), Mastacembelus aculeatus (n ¼ 15) and
Babylonia lutosa (n ¼ 3) could be only matched at the genus level
(Table 2). The three species did not have high match values
because these species had no more than one COI sequence,
which resulted in less match information for our sequence
(Radulovici et al. 2009). However, we recognized these species as
C. itinus, Mastacembelus aculeatus and B. lutosa based on their
morphological descriptions, geographic distributions and market
label information.
The K2P distances were compared at the intraspeciﬁc and
intragenus levels and genetic distances increased from lower to
higher taxonomic levels. Intraspeciﬁc K2P distances were always
lower than intragenus K2P distances for ﬁsh, crustaceans and
mollusks (Table 3). Thus, the intragenus K2P distances of the total
species were at least twice as high as the intraspeciﬁc K2P dis-
tances, and the TRR values for ﬁsh, crustaceans, and mollusks were
58.50, 21.59 and 27.63, respectively (Table 3).
The NJ tree and ML tree were constructed and displayed in Fig. 1
and Fig. S1, respectively. Each species occupied different branches
on the NJ andML trees. The two trees both had a similar topological
structure and intuitively exhibited the cursory relationships of the
common economic species.
The comparison with reference sequences from databases
revealed a high amount of mislabeling in 8 common economic
aquatic products. In the case of ﬁsh, the substitute species for
Pampus argenteus, Scomberomorus commerson and Paramisgurnus
dabryanus were Pampus punctatissimus, Scomberomorus niphonius
and Misgurnus anguillicaudatus, and the substitution rates were
75%, 93% and 36%, respectively. Moreover, Dasyatis bennetti, Cha-
nodichthys mongolicus and Larimichthys crocea were 100% sold as
Rajidae species, Cultrichthys erythropterus and Larimichthys poly-
actis (Fig. 2). In regard to crustaceans and mollusks, Portunus tri-
tuberculatus and Portunus pelagicus were sometimes mixed,
whereas Octopus vulgaris and O. vulgaris were often sold as sleeve-
ﬁsh because of their extremely similar morphological features
(Fig. 2).
Our identiﬁcation database was designed in an MS Word
(Appendix 1). The trade name, an original photo of each species and
the sequence analysis can be obtained from the database. In addi-
tion, after our sequences were liberated, the obtained sequences
were compared with the database sequences for species
identiﬁcation.oducts. TRR: taxonomic resolution ratio (see Data analysis in Materials andmethods).
n Dist(%) Max Dist(%) SE Dist(%) TRR
4 1.37 0.00 58.50
9 13.82 0.07
1 7.32 0.00 21.59
3 16.17 0.00
7 3.40 0.00 27.63
5 16.36 0.00
Fig. 1. Neighbor-joining tree of ﬁsh, crustaceans, and mollusks based on cytochrome c oxidase subunit I (COI) sequences. Bootstrap values greater than 50 are shown. n, the number
of samples; A, crustaceans; B, mollusks; C, ﬁsh.
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Fig. 1. (continued).
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Fig. 2. Mislabeling in common economic ﬁsh, crustacean and mollusk species.
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This study demonstrates the ﬁrst use of DNA barcoding for the
identiﬁcation of common economic aquatic species in central China
markets. In this study, the difference between the congeneric and
conspeciﬁc divergences was obvious. The TRR values were signiﬁ-
cantly higher than the threshold (10) proposed by (Hebert,
Stoeckle, Zemlak, & Francis, 2004) as a species boundary
(Table 3). The analysis of the crustaceans revealed two clusters
were formed in both the NJ and ML trees, which one was the
Decapoda consisting of 8 species and the other was the Stomato-
poda containing one species (Fig. 1A and Fig. S1A). In contrast, for
the mollusks, all the Veneroida species were also clustered
together, and onlyMytilus galloprovincialis did not occupy the same
clade with the other coordinal species in the NJ and ML trees
(Fig. 1B and Fig. S1B). In both the NJ and the ML trees for the ﬁsh
species, all of the species belonging to Cypriniformes were clus-
tered together and could be clearly delineated. The Perciformes
species were primarily focused on three branches, and other spe-
cies were clustered with species from other orders. The Silur-
iformes species also clustered into two clades (Fig. 1C and Fig. S1C).
In general, the 66 species could be clearly distinguished through
both the NJ and ML trees. Additionally, the trees also indicated
strong reliability of COI for the identiﬁcation of these species with
several high bootstrap values (only >50% shown) at the nodes.
Our collections did not involve all of the economic aquatic
species on the market. However, this study still supported the
feasibility of using DNA barcoding to accurately identify common
economic aquatic species regardless of the sample source. More-
over, our results were consistent with previous researches ﬁndings
regarding other economic aquatic products, such as northeastern
Italian commercial seafood products (Nicole et al. 2012), North
American seafood (Wong & Hanner, 2008), Amazonian commercial
ﬁsh (Ardura et al. 2010), and South African market ﬁsh (Cawthorn
et al. 2012). Therefore, DNA barcoding based on COI is effective
for the identiﬁcation of these common economic aquatic products
in the central China market, and we successfully detected 8 sub-
stitute species in the 66 species using this methodology. In addi-
tion, a simple identiﬁcation database of the common economic
aquatic products was constructed for the effective management of
the trade of aquatic products.
DNA barcoding has already begun to individualize ﬁshery
management and has been utilized to evaluate the incidence of ﬁsh
species substitutions in North America (Wong & Hanner, 2008),
Europe (Miller & Mariani, 2010) and Italy (Barbuto et al. 2010;
Filonzi, Chiesa, Vaghi, & Marzano, 2010). Especially in Egypt, it
has been developed and tested to assist the authorities in
improving their food surveillance methods and controlling the
wide international market of economic aquatic products (Galal-
Khallaf et al. 2014). However, the method has not been utilized
widely in China.
With the rapid development of the trade of economic aquatic
products, many whole economic aquatic species are usually highly
processed into various products, such as ﬁllets or slices without
diagnostic body parts (e.g., skin, tails, head and ﬁns) which result in
extremely difﬁcult to authenticate, to meet the various consump-
tion needs (Barbuto et al. 2010; Blanco, Perez-Martin, & Sotelo,Taxa Trade name Order Family Genus
Economic
ﬁsh
Ji Yu Cypriniformes Cyprinidae Carassi
Meng Gu Bo Cypriniformes Cyprinidae Chanod
Qiao Zui Bo Cypriniformes Cyprinidae Culter
Wu Chang Yu Cypriniformes Cyprinidae Megalo2008). The weakness has often been utilized by illegal traders and
therefore, commercial trade fraud is extremely serious and is
attracting increasing media attention (Marko et al. 2004; Smith
et al. 2008). DNA barcoding may be used to prevent species sub-
stitutions and to expose commercial fraud (Cawthorn et al. 2012;
Smith et al. 2008).
Recently, many economic aquatic species, particularly seawater
ﬁsh, have been exploited beyond their ecological resiliency. In
South Africa, kingklip stocks were exploited heavily in the 1980s,
and these stocks have not yet recovered to their former abundance
(Strydom, King, Fuggle, & Rabie, 2009). Approximately ﬁve years
ago, the FAO data indicated that overﬁshing was occurring world-
wide and that the amount of over-exploited or depleted resources
has reached 75% of the global ﬁsh stocks (Bostock et al. 2010).
Additionally, overﬁshing has deleterious effects on aquatic eco-
systems (Pauly, Watson, & Alder, 2005; Worm et al. 2006). Today,
this situation has become even worse. Thus, DNA barcoding has
been used to prevent the overﬁshing of species and has been
applied in the conservation of Amazonian commercial ﬁsh (Ardura
et al. 2010). In addition to species identiﬁcation and protection,
practical applications of DNA barcoding regarding commercial ﬁsh
also involve the detection of invasive species (Porco et al. 2012) and
estimation of the stock size of harvested species based on larval
abundances (Costa & Carvalho, 2007). Thus, the construction of a
special database in this study was also essential for achieving these
aims.
In conclusion, DNA barcoding is emerging as an invaluable tool
that can be used by regulatory agencies and aquaculture managers
for species authentication, food safety, conservation management,
and consumer health and beneﬁts (Costa & Carvalho, 2007). In this
study, we validated and promoted DNA barcoding techniques for
the analysis of important economic aquatic products. This study
will also serve as a reference for the identiﬁcation of economic
aquatic products and contribute to the comprehensive manage-
ment library of common economic aquatic products of China for the
effective supervision of the trade of aquatic products.
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Appendix
Database Sheet.Species No. of specimens Identiﬁcation
us Carassius auratus 9 BOLD
ichthys Chanodichthys mongolicus 14 BOLD
Culter alburnus 11 BOLD
brama Megalobrama amblycephala 10 BOLD
(continued )
Taxa Trade name Order Family Genus Species No. of specimens Identiﬁcation
Ding Gui Cypriniformes Cyprinidae Tinca Tinca tinca 5 BOLD
Hua Lian Cypriniformes Cyprinidae Hypophthalmichthys Hypophthalmichthys nobilis 1 BOLD
Hong Qi Bo Cypriniformes Cyprinidae Chanodichthys Chanodichthys erythropterus 2 BOLD
Ni Qiu Cypriniformes Cobitidae Misgurnus Misgurnus anguillicaudatus 5 BOLD
Da Lin Fu Ni Qiu Cypriniformes Cobitidae Paramisgurnus Paramisgurnus dabryanus 9 BOLD
Qing Jiang Hui Yu Siluriformes Ictaluridae Ictalurus Ictalurus punctatus 6 BOLD
Huang La Ding Siluriformes Bagridae Tachysurus Tachysurus fulvidraco 15 BOLD
Hu Zi Nian Siluriformes Siluridae Silurus Silurus asotus 14 BOLD
Wu Yu Mugiliformes Mugilidae Mugil Mugil cephalus 2 BOLD
Huang Gong (a b) Rajiformes Dasyatidae Dasyatis Dasyatis bennetti 5 BOLD
He Tun Tetraodontiformes Tetraodontidae Takifugu obscurus Takifugu obscurus 10 BOLD
Gou Mu Yu Aulopiformes Synodontidae Harpadon Harpadon nehereus 15 BOLD
Niu Wei Yu Scorpaeniformes Platycephalidae Platycephalus Platycephalus indicus 5 BOLD
Mei Guo Shi Yu Clupeiformes Clupeidae Tenualosa Tenualosa reevesii 1 BOLD
He Zhen Yu Beloniformes Hemiramphidae Hyporhamphus Hyporhamphus intermedius 12 BOLD
Qiu Dao Yu Beloniformes Scomberesocidae Cololabis saira Cololabis saira 9 BOLD
Huang Jiao Li Perciformes Sparidae Acanthopagrus Acanthopagrus latus 9 BOLD
Cai Yu Perciformes Channidae Channa Channa maculata 9 BOLD
Hua Lu Perciformes Lateolabracidae Lateolabrax Lateolabrax maculatus 5 BOLD
Da Kou Hei Lu Perciformes Centrarchidae Micropterus Micropterus salmoides 8 BOLD
Jin Xian Lian Perciformes Nemipteridae Nemipterus Nemipterus virgatus 14 BOLD
Yin Chang Perciformes Stromateidae Pampus Pampus argenteus 2 BOLD
Ling Chang Perciformes Stromateidae Pampus Pampus punctatissimus 9 BOLD
Huang Hua Yu Perciformes Sciaenidae Larimichthys Larimichthys crocea 14 BOLD
Mei Guo Hong Yu Perciformes Sciaenidae Sciaenops Sciaenops ocellatus 4 BOLD
Ma Jiao Perciformes Sciaenidae Scomberomorus Scomberomorus commerson 1 BOLD
Lan Dian Ma Jiao Perciformes Sciaenidae Scomberomorus Scomberomorus niphonius 14 BOLD
Sha Jian Yu Perciformes Sillaginidae Sillago Sillago sihama 15 BOLD
Gui Hua Yu Perciformes Percichthyidae Siniperca Siniperca chuatsi 14 BOLD
Bai Yu Perciformes Trichiuridae Trichiurus Trichiurus lepturus 5 BOLD
Jin Chang Perciformes Carangidae Trachinotus Trachinotus ovatus 5 BOLD
Ci Qiu Synbranchiformes Mastacembelidae Mastacembelus Mastacembelus aculeatus 14 BOLD
Bi Mu Yu Pleuronectiformes Cynoglossidae Cynoglossus Cynoglossus itinus 9 BOLD
Ci Chang Perciformes Stromateidae Psenopsis Psenopsis anomala 5 BOLD
Shan Yu Synbranchiformes Synbranchidae Monopterus Monopterus albus 9 BOLD
Economic
crustacean
Nan Mei Bai Dui Xia Decapoda Penaeidae Litopenaeus Litopenaeus vannamei 9 BOLD
Pi Pi Xia Stomatopoda Squillidae Oratosquilla Oratosquilla oratoria 15 BOLD
Ao Zhou Long Xia Decapoda Palinuridae Jasus Jasus lalandii 3 BOLD
Ban Jie Xia Decapoda Penaeidae Penaeus Penaeus monodon 11 BOLD
Shi Zi Xie Decapoda Portunidae Charybdis Charybdis feriata 3 BOLD
Suo Zi Xie Decapoda Portunidae Portunus Portunus trituberculatus 16 BOLD
Xiao Long Xia Decapoda Cambaridae Procambarus Procambarus clarkii 12 BOLD
Hua Xie Decapoda Portunidae Portunus Portunus pelagicus 5 BOLD
Ping Bei Qi Decapoda Varunidae Gaetice Gaetice depressus 12 BOLD
Economic
mollusk
Hai Li Zi Ostreoida Ostreidae Crassostrea Crassostrea hongkongensis 13 BOLD
Xiao Wen Ge Myoida Corbulidae Corbula Corbula amurensis 9 BOLD
Bao Yu Vetigastropoda Haliotidae Haliotis Haliotis discus hannai 9 BOLD
Hai Hong Mytiloida Mytilidae Mytilus Mytilus galloprovincialis 12 BOLD
Hua Ge Veneroida Veneridae Ruditapes Ruditapes philippinarum 8 BOLD
Chi Zui Zai Veneroida Veneridae Cyclina Cyclina sinensis 9 BOLD
Xiao Yuan Ge Veneroida Veneridae Mercenaria Mercenaria mercenaria 5 BOLD
Pi Ge Myoida Myidae Mya Mya arenaria 5 BOLD
Zhou Le Wen Ge Veneroida Veneridae Meretrix Meretrix lyrata 12 BOLD
Ge Li Veneroida Veneridae Meretrix Meretrix meretrix 9 BOLD
Zhi Jiang Yao Pterioida Pinnidae Atrina Atrina pectinata 3 BOLD
Feng Luo Neogastropoda Buccinidae Babylonia Babylonia lutosa 3 BOLD
Hong Luo Neogastropoda Muricidae Rapana Rapana venosa 3 BOLD
Cheng Zi Veneroida Veneroida Sinonovacula Sinonovacula constricta 9 BOLD
Ni Han Arcoida Arcidae Tegillarca Tegillarca granosa 2 BOLD
Ba Zhua Yu Octopoda Octopodidae Octopus Octopus vulgaris 3 BOLD
You Yu Teuthoidea Loliginidae Uroteuthis Uroteuthis duvauceli 3 BOLD
Tiao Wen Qiao Octopoda Octopodidae Octopus Octopus striolatus 6 BOLD
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